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was extensively investigation, no gametes carrying a new modification of it
that alters its capacity of action have yet been identified. Lowever, in
a few plants and kernels having it, sectors showing the Spm-s capacity have
appeared but their frequency is low, In contrast, another Spm-w isolate
exhibits relatively frequent returns to or twoard the Spm~-s type

capacity of action,

e). Transposition of Spm

Initially, the most»complellinﬁ evidence of unit elements, independent
of the gene but capable of controlling its action, came from discovery of
their transposition from on%}ocation to another in the chromosome
complement without 1os%ngjtpecificity of action in the process. Trans-
positicn is abehavioral mechanism that all of them may share in cormmon,
However, in studies of this, it was lcarned that an element known to be
transposible, may not undergo transvosition within a given set of
conditions, When these conditions avply, it could be difficult to
detcrmine whether or not the observed altered phenotypes wer- the result

i BT

of action of a controlling element, e=s of gene mutat’on, e of a
A

Yirane

.

W )
modifier o%4a mutator-gene, In the cascs we have examined, this could
be distinguished on the basis of known histories of origin and of

of comparitive behaviors under given conditions, In other words,



transposition makes possible ready identification of a controlling element

but lack of evidence of this does notugxciﬁdez'ﬁécesggriiil the rossibility

that a controlling element is responsible for obssrved types of mutation

24U
or of instability of gene aesieon, There 1s evidence to suggest that

controlling elements in maize may plag a larger part in the origin of
mutants than hes previously been suspected, and this will be considered in
the concluding section of this revort,

Evidence of transposition of Spm is extensive, 1t has been observed
in various types of experiment conducted. for purposes other than that of
examining the phenomenon of transposition itself, Tests conducted for the
latter purpose reveal more about it than evidence, however,extensive,
obtained from other types of tests, Therefore, in this rerort, only
those tests will be reported in detail that are centered on an examination
of trans- sitiocn of Spm, w@m&(, e . el

There is no doubit that the time during developmenﬁA&aé the frecuency

°’\W . . %uoT
ol _ocourrence—ef trgg§pggition of Spng&se under some form of control, suehl

. OLLLLe 7 m-1 m-1
as the time and frecuency of mutation at aj and 2, are controlled b

A
d one e
the state that is present in any one plant or kernel, Up to now, the
A

conditions responsible for suwelr controlg have not been idextifiwd and no
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tests have been conducted that might serve to reveal them, although such
are possible, Nevertheless, it is suspected that &ke control may reside
in the Spm element itself, and that changes in this may reflect scome
alteration that occureﬁto this element, Even though an examination of
factors associated with control of transposition of Spm werérggggﬁﬁégg?v
the following types of control are known, With some isolates of Spm,
transposition of it occurs in some cells early in plant development,

With others, th#s occurs only late in deveIOpmentdﬂ%uith still others,
transpositions may occur both early and late in development, With s&iid-
other isolates, transvosition of Spm, either earlv or late, may occur only
very rarelyr Vith one isolate, no evidence of transposition has yet been
obtzined although it has received extensive study,

WJ@ wﬁﬂp - g‘('u_d_jch’

TRe Spm spetem is not idesl fo;{examining the mechanism agsocicted
1

with transvosition, This is more readily asccomilished with other svstemsanc
4
That of Ds or of Ac at the P or Bzj locip serve this purpose better, No
o hous

additional evidence of the mechanismAia¥e}¥ed has come from this study of

Spm,
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f)e Modifier element in the Spm system

In the course of study of alm’l, a series of tests were being conducted

\ ;
to determineSpm number and location in mearly a thousand (995) plants,
all of w:ich were derived from the second generation backcross to plants

that were homozygous for the standard a. locus and in which no Spm was

1

M=l
present, The state of ay was the same in all plants that carried it.

The behavior of this state with a fully active 8pm is shown in photogranh

d

With this—state, mutations occur late in development of both plant and

Lad {}QM’{(L va%/l. T\ Qo’mi :: :f:g (
kernel, wkth few excentions, F i , it would be expected to
A
oy . Busl et

be stoble- in expression igisuccessive generations, and t-is was Bound to be
A

A

true, In fact, although it has been used very extensively in these

ol ov pLavy o Acocuu 490

studies, no gamese carrying a newly altered state of it ha§1aapeaaed in any
_ one of the 2
test, However, # plants in the test seris menticned above that was
m-1 . .
ay /al and carried one Spm element in chromosome 5, was crossed by one

that was homozvgous for ay and had no Spm, On the resulting ear,mfxkkix

- _
all al 1 cavryling kernels that also had Spm exhibited the expected

pattern of mutation to Aj wkkl that this state produces with the exception

Rivugf

o
of one, This exceptional kernel exhibited a markedds increase%~number of
1

A7 mutant spots in comparison with that shown by the other vaeriegated kernels

nONR -

AR L s /*
on theAear,(and—thée—is illustrateéuia,photographS ). Its pher otype
. A
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suggested that an alteration of state of almpl had occurred in an
ancestor cell tha—t—pgz:i-ueeé this kernel. Thefplant derived from this
kernel likewise exhibited tha same marked incrsase in fresuency of
mutation, Tests we e conducted with this plant in order to examine the
nature of the altered phenotypg’and these indicated that the incressed
mutation rate was not the consequence of an altered state of alm'l but
rather of the presence of an independently located heritable unit,

The effect on a ™+

1 mutation rates produced by this heritable unit could be

seen only when an active Spm element was also present in the chrormosome
complemnent, In the absence of Spm, or when it 1s inactive, no evidence
of the present of this Modifier is noted, Tests of it conducted in
subsequent plant generations indicated that it underwent frequent
transposition and thus, could be considered as an independent controlling
element within the Som system, Its presence in any one kernel or plant
could be detected readily by the increase in rate of mutation to Al

it effects with those states of alm’l that are charact:rized by the
production of relatively few such mutations in its absence, This}rate

T Hoet e Quson U o0

of increase of rutation 1s proportional with eseh state in that the

wdnthua T obese 3
number of mutant spots is increased by a factor somwhere between 2 and 3,
I A
meam,

The time when mutations occugﬂis not altered by this element, Also, on
/

!'t’f'//{ /\;?{' !“'\i’/-
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in the presence of

states of alm'l that give very many mutati ns to A,

active Spm, this element appcars to exert lEttle or no effect, Alger,
§¥yﬁy ‘1here is no evidence to indicate that increased doses of it will effect
Lt
\A{ \\\g proportional increase in rate of mutation,

Tests of the action of the Modifier on four states of alm’l were
conducted, In addition, tests of its transposition were made, Likewise,
its behavior was examined wi th a fully active Spm-s element, an Spm-w
element and also ones that are undergoing frequent change in phase of
activity, It is of interest to note that it produces the same
phenotype with elther Spm-s or Spm-w,

No more is known of the origin of the Modifier other than that
stated above, nor has‘another instance of origin of it been noted.

Lt could be related both to the Spm element, since it enhances Spm-w
1

activity, and to the element at alm- s since it exhibits one of the

properties of this element, that is, control of rateof mutation to Aj.
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g)e Resume of mode of operation of the Spm systom
Fpom the descreoptions given in the preceeding parts of this secti n,
the reader may have gained the impression that the Spm svstem of control
of gene action is inordinataly cormlex, ‘here is no doubt that the
analysis of a swystem of this type may be inordinately frustrating because
ray

of the many mmmkrxaxzx diverse phenotipes that/ahpear)even in different

R . . O
parts of an individual plant or in different aress of eme kernel, and also

because of the irregular and irreconcilable ratios of

phenotypes that may appear in progeny of sister plants or even in progeny

A wss ial

derived from different parts of the same plant, hecause of this4 study

25w, 060247

of agm’l had to be discontinued for a perlod as no effestiwe interpretations
A

oM . , m-1

was—rawn from observations and tests of it. Study of al progressed

more rapidly and successfully;and relatively eorly in its stbuggt, inter—

rretations could be drawn of the basic mode of operation of the elements

e, »_://‘ .
involved in tkis systeg}and?these have remained(@ssentially‘valid for all
ik haad o

observations and testgﬁsubsequently ccnducted,
A

reliy
For a ready apprecistion of the mode of g&iéen of this system, an

B The first is
understanding only ofAtwo primary aspects are egsential, Ihmxmxaxs

concerned with armrmmmdershending-ef=the expressioﬁ3given bykthe different

states of almpl and aam’l, and the second is concerned with the basic mode



o
(S}

Gudnyu &L independently located
of eenuae%=9£~$h£q&by the/Spm element, All other aspects are secondary

in that they are concerned almost exclusively with the degree of effectivey
Ress—0L action of the Spm element at any one time, and the consecuences of

this with any cne state, These secorndary aspects,nevetheless, are

apparent
responsible for much of the/imuwdimese complexity of this system ,and

u Couaf 4y
for Aanv‘of the difficulties and frustrations eyperlepceilnxits analysis,

v

. . m-1 m-1
As menticned earlier, the states of al and a_ control the
: (S

types of mutation, the time of their occurrence, and the frequency of this
at any one stage in develdbpment when Spm is present and active., They

also control the type of gene expression that apoears in the absence of Spm,
The states vary greatly with regard to these expressions. Thus, within

the system, diverse phenotyres are produced that are attributible solelv

Yo Suppgros - Wwuthetp ol o G
to state differences, The—primery—actiomof Spm e-a suppressgﬁmrif

mwwwwmw MW 6°
mel reatd w '/1

induct{i€d e£ changes at bthe ay or a, lauﬂ-xthat l.,ad—i;e altered

Wl
pheagtwdc expressiongof t*@kﬁQQéT Included among them are mutations to

stable alleles)either to a totally recessive, a, or a2, or to higher

W poeuck v yuh thy i

alleles,teath associated with a particular typetand degree of pye&éc%éen
A A

of anthyeyanin vigment, ARREREXXERARZRX Arvothor ear souence ol e

A AN O,MO i m 400 UUP i .
cw&g‘f—%hﬁt Spm induces #,m e v aM !t reguides not/\im;mu:ba-ta.-eﬁ—-'be——a

o
Q mupofeeatin
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& stabledallele, but rather #& an altered tyve of behuvior of the locus in
subsequent cell and plant generations both in the presence and absence of

Spm, that is, to a change in its state,
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Part II. Origin and Behavior of alm-l
1. Origin of alm'l and of its different states.
The origin of alm-l was outlined in the Previous section. It first

appeared in a single kernel on an ear produced by the cross of a plant
hpmozygous for a, and for A2 to one which was Al/al and ﬁz/az. The a,

in this latter plant had been derived from mutation of azm'l to the

stable recessive, 8y All of the kernels on the ear, except one,

were either uniformly dark pigmented (Al and Az) or totally colorless

(%13 a‘). The exceptional kernel had spots of deep pigmentation in a
colorless background, The plant derived from it (culture number 5371)
likewise exhibited variegation for anthocyanin pigmentation. It had

a number of distinct areas of deep pigmentation in a non-pigmented
background. From the known constitutionsof the parents, it was suspected
that the instability of genic expression was associated with an alteration
that had occurred at the Al locus in the heterozygous parent and in a
single cell, late in development of the plant. Therefore the variegated
plant was crossed with a ngmber of plants that were homozygous for the
standard recessive, a . It was also crossed with plants homoiygous for

1o ohe2 Sy (owo

the standard recessive, az)and for mthEr recessivefd alleles of other
A

genes known to be involved in development of anthocyanin pigment formation.
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From these crosses it was readily determined that the variegated plant
carried the standard recessive, 8y, in one chromosome 3, and a recently

modified Al locus in the homologuejand that the modified locus was

responsible for the expression of variegation. This locus was given the

designation glgflo The original variegated plant, 5371, carried the

standard A2 in one chromosome 5 and a stable recessive, 859 derived from

mutation of azm-l, in the homologue.

On the ears pppduced by the cross of the original alm'l plant to

plants homozygous for a, and A2, kernels exhibiting several different
phenotypes appeared: those that were uniformly and deeply pigmented, those

that were uniformly but lightly pigmented, those that had areas of deep aﬂb
Py A uee

light pigmentation in a colorless background, and totally colorless kerneds.
A

The types of pigmented areas and the patberns of these were much alike

wegee ol 4]
among the variegated kernels. There were some large areas that were

A
A%
either deeply pigmented or more lightly pigmented and many small areas
A
with these pigment types, as illustrated in photo. . However, on
a few ears, there were one or several kernels that exhibited a pattern of
hlo- '
variegation that differed markedly, Some had only small spots of deep

pigmentation in a colorless background, and the number of these ranged

from only a few in some kernels to very many in others, Other exceptional
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kernels exhibited pigmented areas of various sizes in which the intensity
was always low,

Kernels exhibiting different phenotypes were selected from some
ears and planted in the greehhouse the following winter, 1950-~51. The
phenotypes of tie selected kernels are entered in colugn 1 of table 1,
The phenotype exhibited by each plant was similar to that expressed in
the kernel from which each wes derived. Por example, if the kernel had
shown only a few small spots of deep pigmentation in a colorless backgrounq1
the plant likewise showed only a relatively few small streaks in which the

a0ty dwy
deegApigmentation appeared. Or, a plant derived from a variegated kernel
having pigmented aré? whose i tensity was low, likewise exhibited pigmented
areas in which the grade of intensity of this was low. 1t was evident
that the altered patterns of variegation in the selected kernels and in
the plants derived from them arose as a consequence of some genetic

0

modification controlling time4 durpng develo;ment at which change in gene
A

action occurs, i numbers of cells in which such change# occurs at any one

time, an&tn'types of pigmentation that would result from this.

Confirmation of this precise type of control of gene action came from

tests conducted with these paints, through self-pollination of them and

through crosses of them to plants that were homozygous for the standaré

recessive, a;. The phenotypes of the variegated kernels on the ears
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these crosses produced resembled that which had been expressed in the
kernel from which each plant had arisen.
The kernels selected for greenhouse planting belonged to several

different categories, enumerated in table 1. All four plants derived

m-1

from kernls in row 1 carried a stable Al mutant of al . Those

derived from the uniformly pale colored kernels in row 2 appeared to

carry a stable intermediate allele of A, from tests conducted with them in

1

the greenhouse. Subsequent tests conducted with their progeny indicated

T LI

that the alm-l locus in them was unmodified and that it would express

the original type of variegation pattern in the presence of Spm. Tests
of one of them, plant 5700A, and of its progeny will be consiaered in
detail later. The two kernels in row 3 had been selected because each
exhibited a few small colorless areas in what appeared to be a fully
pigmented background. Tests conducted with them indicated,<howeser, that
this phenotype was not produced by somatically occurring change in gene
action from Al to a; but rather it was produced by a very large number of

late occurring mutations fLxmmx to Al.
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. of kernels that .appeared o rived fpém self-pol¥ination of

d arisen, .

i uf')

g 1] ':——

Por th greenhouse pl tlng, e—£ewW kernels

!

TR

e selected toed appnoesred

(ngr tarcd e CQOU.B %%\)

a fully pigmented backgn)un%(

&

He exﬁibit a few smalll colorless areas 1

!

Tests of the plantg derived from them ifdicated, however, that thebd

amalisaily §

phenot*pe was not produced by change n gene expression from the ATtype

to!al, but rather wms due to a very large number of lste occurring
A

ey sy Unift w ubal appienlobe &y
mutations to Aq, Whaa:ihiﬁ:nn:n:s,

}&fge—a:eagLihax—appzzr
%q,o_{?m m,mwmw (’WW Jvlwa% |

mutation to Vbut_;atbe%_é&%m&eonfifence—ef—prgwen%e

W it o

areas, Llhis confluence doos not axitse fmom direct contact of one mutant

area with anotherlbut rather ﬂéﬁi spread of some subsbance)produced in the

cLlkp
\ﬂ&hﬁx A, mutant areasjisxo the surrounding genetically a, aweas that allows

g D+

pigment to be formed in bthkem, This substance may spread through a number
»/\/x( o @LQ«U"J&(] 9'\_0{ a‘k\fl&fu& us O .gu Mfg.ﬁl-& Brig.. 3
of cellsJand it gives rise to a halo about each geaet&e&lé¥-A1 muuant«
A
oK Tow witbp lhaker
a»eg®, the intensity of pggment decreasing as the distance from the mubent

/vw wA \Jf;uﬁ\ ".vL‘A&‘JI 2000 a:’.’blw )

agxed incre:ses, Thus, whenever a large number of chosely placed mutant

~,
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A

A, areas are formed, confluence of their halos occurs,amixERXXXprainzes
A

mthcimxkexrekxandxpiankyx  When this ooejg;bwithin a darge area of sa
plant or kernel, thsiarea may appear to be uniformly pigmented and to

have arisen from an early occurring mutation to Al However, microscopic

BN

examination of such areaj usually reveales some irregularities within it in

A J
un wonth be »fﬁ;
grades of intensity of pigmentation, Suel—is expected :

@w’cwn&m ,Q;a\m (wﬁw&ouﬁw L

confluencel cbiraios

waf%w@w M\MW
Halos of the type described above a;e—ﬁo%~&£eﬂéeeé=b§ﬂﬂn§a§t arex s

pigment
exhibiting thmxkmwexfimkewaikjms irtensities of lower grade., The borders

. , v - g oie
!h ) LA

oﬁAmutant are2s are sharply defined, Thus, a change in gene action at

alm’l to full AI-type expression may be distinguished from those that

K
give iy%esser intensit§ of pigmentation not only on the basis of'£w
A0 pacanel ol Wil o b &

1nten31ty but also on the basis of halefoama%éen It is suspected that
U) 01?
v AoWe.

the pigment produced in the-so-ealied pale areas is not the same as that

aud/?awq.zboamueq&UMnixmwbégtaa4émwa_:j
produced by the standard AlAk Thisds—shewn-wmone olearly in—she—phmrt—tian
Nowan | undeicet Lresme oy U cop oo wa poum

Eﬁéﬂ%ﬁﬂﬁﬁﬂﬂﬂq In them, the pale- pRaduedag phenotype is exvressed only

’ \X v ‘Ukﬂlﬂu ;LM
in some tissueslanins conspicuoully absent from the leaf-blade except ﬁé
’ A

the mid-rib, In contrast, the full Al phenotype is reuxdiity expressed

e cguuld Wty 2o pasorcel williu T,
in the leaf-blade,/‘ Also, in the plant, some of the pale-producing

mutants give rise to anthocyanin pigments with pastel shades that obviously



L0
would not anpear morely from reduction in amount of the same pigment thjlat

is produced bﬁuzge stand rd Ay, It ig likely that the action of the pale
‘ 1

oAy W |
mutnts preduees pigments that differ fromthat a: standard Al
ol

Y tant#—de?é¥eé—§¥em a M-l

is presgermt or
: . 1

v 1 Selhapan

In addition to theAcases of modified alm actieon theat—xegudi—tmr—the

%
2.2

described above, tests were conducted with 3&

other plants grown in the greenhouse during the winter of 195@-51,

(Row\, B 1)

Four of themAwere derived from kernels that apnsared to be uniformly

W0 when
pignentedy the t:pe bexm similar to that produced Y7 standard Al is

c(%o;w,uw

present, In the Drog°n§;%g}three of them, the st=hwl Al phalot pe appeared

M&wwwmgw&&@“ﬂw Dotin owb “Wﬂmmwwa 'F
urth i

in expected proportionsl, vy The To a modified 8=

Yoruuldp W)WWQ \E‘D\MM JMW
. behavier—in—thaet—itproitmged very many mubetions late in
e

- A

1

development, It is probable, therefore, that the phenotype of the

iy

kernel that gave rise to this plant was produced W confluence of haloes

wi A (Row, W \)

about mdant areagaas.describcd above, Five other plants, each derived

from a kernel exhibiting only pale pigmentation, uniformly distributed

- — a ")

over the aleuron layer, were also examined. Theﬁpale phenotype appesred
)Yﬁ\.;r\ -"'

G
tqo be guite stahle in expression and is-was regovered in expected proportlon—

in Hee progeny derived from tests crosses made with each of these plants.wg

Wo ARG eTieh frmds o ptaxsdd .
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In addition, tests were conduct d with jq plants, each de¥§¥ed from a

( Row w, Tho1)

variegated ko rnel, Five came from kernels that had exhibited the pattern
4
variegated
of this that was common to the majority of/kernels om ears produced

by test crosses conducted with the original al carrving plant. Hach

of the remaining 14 plants came from a kernel that had exhibited some

from
marked deviaticn gf this pattern, and the types of this are described in

e 510 K o | K
,column 1 of table 1, In this table, the culture numberg of each plant

are j}jluuAiﬁy%0b3~
is glvenband that of four of them kxzxhmeEn underlined. “heSa_fear—imrrs

Ousmalzel -

m-1
are—the souree—of four of the six modified states of al " that were used

i PR

m-1 '
extsnsively throughout the study of 84 R In subsequent refcrences to
UJ)YW\D
a particular state, it will be designated by theAnumber of the plant waieh

winkowd
originally carried it, It may be stated at this time that although

‘/‘.\ z S .
. | m-1 . ) A
the original staie of a has given rise to manv differgnt states
[&] 1 g > 3

lo i (ooin o,
only a sma;;—~aapressn%&%&xe-samgle—e@-types naéfnaaa&sed:éa;} examinabsioen,

337 M/\m/&?‘q

Ho ewidenee of a two-element system, responsible for control of gene
A

m-1

expression at aj was obtained from ratios of kernel types on ears

produced by self-pollination or by test cross of the nlants grown in the

whicly Wwild 1l
\ N

th ha¥| vers

v
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Examples illustrating this are given in table 2, In this table, the
of kernels épf¥
phenotypes/produced by tests crosses conducted with the plants entered in

7 Wi ‘
line 3#=or=% of table 1 are e;ieyed. All é;tghe variegated plants were
m-1 kernels derived from
a1 / a3, Ap/Ap in constitution. In this tablea)the progeny/feem any one

are
test xx divided into three classes; xkm uniformly pigmented,kexrrekxyxkhr

variegated,kxxmmksy and klkm colorless.kzxmekxs The intensity of pigment

24 hudbctedly

of\ kernels #&ntered in the uniformly pigmented class differed according to

¥ ypo

the vlant tested., Those derived from tests of plant 5715A were intensely
A

pigmented, The imkmmxkkyxeR pigment in those derived from plants

was (he |y Muu umw%mu&w

S%LT7A, 5719A-1, and 5719A-2 . In contrast, the

-4 \

Imkrrskkyxef kernels in this class in the progeny of plants 671LE and
5718 expressed a very low level ofvintensity ef pigment, Thev—weswe R1L g
very pale,

Similarly, differences were expressed in the pattern of variegation

V) Vo Oy T Dyl w 1o T ¢ BB 1
exhibited by kernels in the variegated class, In the progeny of plant
. A
WM{@M W l,(’u(_‘ deeply-
5715A, thes® were characterized by the presence of many, small/plgmented
A
spots., £ &«few kernelgﬂ a large/pigmented area was:pﬁnﬂugsd The pattern
4

given by the variegated class of kernels in the progeny of plants5719A-1 and

5719A-2 wers allke and it resembled that given by pnlant 5T715A except that

sy
there were far fewer plgmented svots, Plants 5717A and 5718 produced
A
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variegated kernels in their progeny that had small, deerly pigmented

I
spots but the numbers of them wereAfewer than those in the variegated class

tk produeed-by plants 5719A-1 and 571¢A-2 amd Wlso no large pigmented arecas
appeared i&n any of them, The pattern exhibited by the variegated kernels

in the progeny of plant 571LE was likewise distinctive, Oﬁ%g_ema&i-i&ﬁ
Sspots of deep pigmentation apre=red—in—tiem and thegf were G4 3
A

1ligtXy over the aleurone layer,

Tests subsequently conduced with the progeny of the plants entered
Mﬁ 222::} S doud s19R-1
in table 2,-- and s through many plant generations-- indicated

that the pattern of variegation given by each was a reflection of ROUE

modification that had occurred to almPl in a cell of the original alm-'1

carrying plant, This was responsible for the altered pattern of
A

m=-1

expression of aq given by each of the plants entered in table 2,

It is known that this expression will persist through-cedi—=md plant

in some cell of a plant that again
generations until another event occurs/ge modifydthe beh vior of a
N N’ﬂq‘:{ bk 8T A " 1
and this,will be expressed

,in s t cellgand—nlant_génap&%&eﬁs. That the degree of stabilit
ol o oo & v
dﬁ§uu&°\vmVOAtl on Ty

of any one state of almFI through plant generations 33—?6&3#04—%0 time of
W)

occu rence of mutation-inducing events, -- those that produced the deepnly
1

m-1

vigmented spots in the progeny tests just described,--will be pointed out

éggggiy. It need only be stated here that the later the time during
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development that such mutations occur, the less the change of appearance

wd

in a gamete of a newlv alteored statg{ /Bewly altered statef must be present

O~
inﬁgametep if it is to be igolated for further examination,

Plant 5720, row 9, table 1, arose from a kernel that exhibited both

large and small pigrnented are s in a colorless background but the intensity

Cartt
[ 0 pA

of pigment in all of them was rmuch lower than that produced by Al. The
1

different arecas exhibited pigment of quite diffe ent intensitiss, ranging

d

from very pale in some to quite imkewse in others, The plant also
Py X WV Y
exhibited wva= 3 in which dirferent grades of intensity we ¢ expressed.

Progeny of this plant, derived from self-pollination and from reciprocal

crosses with plants homozygous for a, &gﬂgéé, produced variegated kernels

a how

of the same type as that which gave rise tc this »lant, In sewme of them,

A

N
however, one or several small spots of the full Al—tyne pigment avre red,

A

Racduatl ] oue. 00409 ik ey
In addition, there were many kornels exhibiting uniformly distributed
A
"} P l%wmly’

phament over all of the aleurone layer, ané the intensity of this ranged
A

from very light in some kernels to yaite derk in others, These kernels

worg o psmted
expressed Rmong them the same grades of pigment intensities as that
A
the pigmented o
exhibited among/different/areas in the variegated k:rnelf. There were also

a numbcr of colorless kernels. Subsequent study of the progeny of plant

5720 made it evident that a modification of alm'l hod occurrsd in a



I
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1 parent
sporogenous or spore cell of the criginal alm’ carrying/rlant that had

effected a marked shift in the proportions of different muiant phenotypes
aXelpc %

it would produce in comparison with thasqg)ven b’ the original ay
A

m-1

However, this alteration did not aétsj the time during develonment at

which a mutation-inducing event would occur, as 1t had done XrRXKWME EIXXEX

grxerihedxaher with resvect to Ehm al carried in the plants entered

Tow
in xime 7, table 1, dustrdbed above,

As mentioned earlier, none of the tests conducted with plants
q owe Oinallup wqgnw
grown in the greenhouse during the winter of 1950-51 imdiesited the

presence of an ind®pendently located element that was associsted withcgﬂ&{

expression o gen@f‘}% g{ralm"l. Only w@: progeny of some of thes
oqomund ) ang Gt < il Lidover.
g e

greenhouse plants were gpasw furing the summer of 1951 was

o7 o hguy )

N
o N
the type e:"%;:-daae:a:aﬁ-—% will be considered below, @Q

R Ui
cm;%/ MWWW calyl wul MWWQ‘
° _fae o iTn be or of ATESlstatay =
During the surmer of 1951 p&ggig:ﬁgaa:grs&a~£ﬂﬁm~propenv d~p&¥ed
Caapn0 eowpludad yyuh ara
ﬁ'my”ﬁ fEam five of the plants entered in table 1, 57004, 5716, 5T19A-1, 5719A-2,
werfgon. O URSTTUIRE b Vol hat

and 5720, In addition, kecrnels were selected from ears produced by
A A

cross of the original alm’l

carrving plant (5381) to plants that were

{

: ~
homozvgous for 8, Among the laticr, ther— were 48 plants derived from N
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karnels exhibiting the nattern of varlegation appearing in most of the

kernels receiving a m-1 from the parent nlant, L plants derived from

1
kernels whose variegated patterns deviated markedly from this, 7 plants
derived from kernels flrat appeared to be fully Al in phenotype, and 7
other plants derived from kernels that were uniformly but less intensely

pigmented,

(— A record was made of the phenotvpe exhibited by each plant and test

crossss were conducted with each,
with ones that wd¥ homozygous for the standard recessive, a7, and for the
recessive, sh, (shrunken endosperm) which is very closely linked to aq,
giving only O,l percent recombhnation with it. This stock had been

obtained from Dr. M.M.Rhoades for the purpose of making & more accurate

724008
M&Q‘Q‘ﬂ »;-‘Mi (i &ﬁtﬁv)lﬂjﬁ‘j“fm A f}ﬁ,u,t Mw
examinations of the txpesqﬂ&ﬂu&nntmn; &ns$ab&i1ty % A11~—Inde§dﬁéeﬁtév
. ,ul: Mm

a-;s;ng thes of this had been accumulatlng. Close linkage of a well

P2 . ’ »

expressed genesd:s marker with ﬁgﬁ wastable locus would allow accurate

detleebien d@j ﬂdudzawﬁ ' N
IderkiRieakiem of some types of gmrwmkim change in gere action oif—%he
ru;uwﬁtu o1
unstabie-deeus that otherwise might not be detected, Since all al
A X

plants grown in the surmer of 1951 were homozygous for She, crosses of them

with plants homozygous for aq and Shg: preparded the way for more
Oy~ ) . o
precise investigations of ¥ in the future. Otirer—tests-of $Hhese planbs
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M beliow, | Witk wiodt | oties s

also—were—meade, Bomqp}agis were self-pollinated, amd RBlso crossed e -

? ) 2
\)Aou‘-f m-1 . L ./“ R 1
plants carrying o8y states of 8 ,1op—%e—these~égr1VGﬂ from. fhe—pate
clacs of kexnnets, Hoﬁé¥e¢;'ﬂt théstime, other projects were in progress

that took precidence ofver theximmediate—eontirwed study of alm’l and

082wty QUARMIA. o) \q 5 )

therefore, the ears obtained from the various typres of cross were not
/\

carefully examined until more than a year had elapsed, Included in these

- n- m-
m 2, a 3, and ay u,

other projects was examination of the behavior of a 1

1

three independent incentlons of instability mxmprxmsxigrx of gene exprassion

at the locus of Ay, It was soon realized that immkakxxiky certroi—of-

gene expression at aj and aj resided~in the Ds-Ac system,of—contwed

ef—gone—aettien, The system controlling alm'2 Wwes not Ds~Ac, nor that

having operation
in vhich Dt is involved, A system wmxkk a quite difewent mode ofozkimn

. . . .S R .
was responsible for its bemxes—of expression; An interpretation of the

mode of opcration of this system was formulated from tests conducted with

OULRLuﬁ‘dAﬂ Meesetug Garcetraee g&kuuu!@mu //COUJ&aLkQJ

it over o pesricdof three ycars,?ﬁ-mm ge-sulis o tests{ e-b-*&e:—:me-d

o i T e e AN i
LR — S e SR

RV NS W eou)w(’w M}m L
Swaeer, ht—wes—susrested that the gystem operating at beik a, m- i
’ ~§ A

@m&oﬁﬁ) thoeX &{{m%muﬁzwm}mm‘ \‘uﬂ{(d}q.w \
mlght be %he=eaaéy* Subseﬂuent tewlps indicated, however, that this

assumption was inccrrect, The two svstems do not have elements in cormon
7/
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nor ig their mode of opemtlon corparable,

: “ mel
Even thovgh a decision had been made to postpone study of aq

until more time would be available for its examinaticn, it was desired to

lecrn if the change at Ay, responsible for the origin of alm’%,wcvld_%¥ay
Sk ¥ | |

alter crossing-over between this modified locus and sh2. To determine

this, only a few vlants would be required and only a small amount of time

W ;
needhbe given to aeeompiish the test. Therefore, 10 variegated kernels

were removed from an ear produced by each of two variegated rlants that

e LAY wlus
5 when pollen from a plant homoz gous for al and sh

Dy m-l !
were a, Shg/a1 Sh .

2

o, heesn Each of the two

wes used on the silks of each ear. =ik varlegated plants had been

derived from a variegated kernel on the ear vroduced by the cross efnducted
“MJ{M MV;K}I\W\. ol W 3T1QR - otall arf. G-

with plant 5719A-1, entcred in C of table 2.A. Nineteen mature plants
were obtained Irom the 20 selected kernels, All exhibited variegation
m-1

for anthoeyanin pigment, and all were aq Sh2/a1 sh2 in constitution,

The silks of allAears produced by 17 of these plants received rollen from
plants that were homozygous for a1 and for sho. The reciprocal cross
variegated

was conducted with 8 of these/plants, The kernel types apreardng

on the ears these crosses produced are entered in table 3e
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In table B, very close linkage la:ﬁﬁpasssed between ‘Sh2 and the cleeeses

of_ WW L(rb ) o Dtlio 0y ecog Prgenar

m, Within the 7490 kernels that exhibited

\‘i

pigment, there were three distinct classes, In two of them, pigment

was unifornly distributed over the alwamrone layer., Cf the 3617 kernels
inithAuniformkdistributfzg ef pigment, only L mmxm had the tvpe of pigment
produced when Al is present, The pigment in the other zkXaxx 3613 kernels

t W A the :
tham‘é /NK w QW\}W w R ~dj’uﬁ W W ‘
Was )cisstinctiv—ddFforent, and this was well expressed \y:% the

Yucpuibe mardor

pixEnxbrkneanxiie ZRFEXEXERRIXAREXXREXAREXPRXZARFY LRES &ﬂ pigment intensity

betueon Allbum b Wi comporsd unddt b 1ereonuoateld,

Xmvthose thot haler‘%ﬁd those that were homozygous for pre With the
4 )

standzard Al, the presence of Pr results in the production of intensely

purple pigmentg. When pr is homozygous, the kermelS'exhibit)with A

88y mel

an intense red color, Some of the a
N~

1)

plants had Pr in one chroriosome

5 and pr in the homologue, The al,sh2

Therefore, on sche of the ears, half of the kernels carryed Pr and the

other half was homozygous for pr. On these ears, it was very evident

fory .
WA rAy\/a:MU_f wh A ,‘&ijbd

that the intensity of pigment appen rlng the unifor y p&Fe class ef_kerneids

(W VMQQ@MDUAGMyG3)

depended upon their constitution with respect to the alleles of Pr,

The color in those kernels having Pr was a deep purple, almost as intense

as that produced when the standard Al is present, Om—the—-eother—tand,—they

kexnets—thiT Were homozygous for pr-were.anly

tester plants were homozygous for pr.
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In contrast, those homozygous for pr were a very light shade of pink,

1% ‘
3 It was apparent that the pigment present in the pale class of kornels
A

AngepsT 0 yidadse - 0. duffprouid
did not repdesent dllutlonkf that produced by Al but ratheg\a—d&s#&ﬁe%tve
WVm kormadds 0070 ; ut w“’&‘l’ palp tgan aﬁwy}%‘tﬂm_gm

tyne of piepment, were alike in

nhenotypic expression and,zXx=sm all those that were pr were =EXmxXikx

S
likewise alike, The pale class represented, then, one particular

pigment type in the
genotype, Among the variegated class of kernels, the/zmwkxxmf deeply

pigmentedispodsreesembled that produced by Al, either a very deep purple

or a very deep red depending on the presence or absence of Pr in them,
(Vo pounte ol (o esoruwe allell; 1od aliune, Rocalicd s thudupronie 5.) Y

The pattern of such spots was quite similar in all but a very few kernels,

\,‘.Jj‘; - Lﬁw'lfi. {0 4;(‘ oo Eg\. Optisn Alfﬁ.\),m A TIAD } Ll 05\!”}'&4;1 {59,5.')\15 a,l,uqﬂ,é 4 J{i’ﬁ'{’\‘ \qu" o ”ﬁf]"! bl [ ¥ ’uﬂ
Illustraticons of this pattern are g’ ven in photo “ A
In examining the data of table 3, attention should be given to the
different
ratio of the pale class to the variegated class appearing on/ears
Ggakﬂwuaﬁg
o) Ulant and on these ea derived from use of 1ts pollen in
I Mauts &muo( s {0
X the test cross to al sh2. Lg may be seen that an approximate ratio of 1
f pale to 1 variegated kernel apveared on ears produced by tests crosses
Y
;’ corducted with ~lants 1,2,4, 5, 6, 7, and 8 4fA culture 6,52 and by
{= ‘

N

plants 1, 2, B, 5, 6, 7, and 8 in culture 6453 jalthough there are some
marked deviations from this exrressed by tests of the pollen of plants

6kh2-5 and 6B3-L. The ratio of pale to variegated kernels derived from



